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Distinguished Ladies and Gentlemen 
 
BACKGROUND 
Let me start with the concept that change is a fundamental fact of life that has gained worldwide 
attention from the time that the ―theory of Evolution‖ was proposed by Charles Darwin. Subtle 
and profound changes have occurred all around us. Lagos and it‘s environ give us an excellent 
example of an environment that has seen dramatic alterations and modifications of the natural 
environment in the last sixty years.  Rapid increase in the human population has led to 
corresponding increase in demand for food items and an equal need for a wide variety of 
infrastructure including houses, schools, roads, power, and transportation. Land reclamation 
through sand filling commenced and it continues till today. Skyscrapers now dot the Lagos 
Marina and Broad Street. Multistoried houses are the order of the day.  Cars and buses which 
were very few in the fifties are NOW hundreds of thousands. We are now talking of mega city. 
These are visible evidence economic developments which on the surface are in the best interest 
of the people but may not be so beneficial to the future generations. 
 CLIMATE CHANGE 
As provided by Encyclopedia Britannica climate change is ‗periodic modification of Earth's 
climate brought about as a result of changes in the atmosphere as well as interactions between 
the atmosphere and various other geologic, chemical, biological, and geographic factors within 
the Earth system‘. 
The atmosphere is a dynamic fluid that is continually in motion. Both its physical properties and 
its rate and direction of motion are influenced by a variety of factors, including:  
 solar radiation, the geographic position of continents,  
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 ocean currents,  
 the location and orientation of mountain ranges, atmospheric chemistry, and  
 vegetation growing on the land surface.  
These factors change through time. Some, such as the distribution of heat within the oceans, 
atmospheric chemistry, and surface vegetation, change at very short timescales. Others, such as 
the position of continents and the location and height of mountain ranges, change over very long 
timescales. Therefore, climate, which results from the physical properties and motion of the 
atmosphere, varies at every conceivable timescale. 
 
EVIDENCE OF CHANGES IN THE PAST 
Environmental Change 
Environmental changes have occurred through the entire span of history as revealed from the 
geological time scale. Radiometric dating puts the age of the earth as 4.570 billion years and 
there is no doubt that there has been phenomenal changes on earth. Past changes on earth had 
been carefully preserved in the earth crust as revealed in fossils found in the different strata of 
the earth crust. Let us start with the most recent 
 
Table 1 Geological Time Scale showing observed changes from the geological  record since 
the Cambrian Period 
Geological Period Age (Million 
Years)m 
Main features 
Holocene <500 thousand Rise of human civilisation 
Pleistocene One Evolution of modern man 
Pliocene Two Existing genera of mammals, Homo habilis 
2m Miocene 10-20m Modern mammal and bird families 
Oligocene 30m Rapid diversification of mammals and flowering plants 
Eocene 40m archaic mammals, first grasses 
Palaeocene 60m Tropical climate, diversification of mammals, first large 
mammals 
Cretaceous 100m Proliferation of flowering plants, Dinosaurs, 
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monotremes, marsupials and placentals 
Jurassic 150m Many types of dinosaurs, first birds and lizards, bivalves 
and sea urchins very common 
Triassic 200m Archosaurs and ichthyosaurs, appearance of modern 
teleosts and insects 
 
Permian 250m synapsid reptiles, major extinction of all animal life on 
earth, incl all trilobites 
Carboniferous 350-300m primitive trees, first land vertebrates, radiation of 
winged insects,, large amphibians and first reptiles 
 
Devonian  Ferns and seed plants, decline of trilobites and 
agnathans, abundance of lobed and rayed finned fishes, 
sharks, first amphibians in water 
Silurian  Vascular plants and first jawed vertebrates 
Ordovician 450m Diversification of invertebrates and green plants 
Cambrian 500m Major diversification of life 
 
Pre Cambrian >500 Commencement of life forms 
 
GLOBAL WARMING 
Global warming is the observed increase in world‘s temperatures which is believed to be caused 
at least in part by greenhouse effect. It is also the average temperature of Earth's near-surface air 
and oceans since the mid-20th century and its projected continuation. The pattern of global 
temperatures from 1880 to date is shown in Fig. 1 while the average values for the same period is 
shown in Fig 2. The figures provide us with irrefutable evidence for global warming. 
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Fig 1 Temperature changes on earth between 1880 and 2000 
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Fig  2: Global average temperature between 1850-2009; Note 2000s  had the warmest decade 
Source: Slingo (2009); Adapted from Met Office.  
GLOBAL WARMING IN THE PAST 
Earth has warmed and cooled many times since its formation about 4.6 billion years ago. Global 
climate changes were due to many factors, including  
 massive volcanic eruptions, which increased carbon dioxide in the atmosphere;  
 changes in the intensity of energy emitted by the Sun; and  
 variations in Earth‘s position relative to the Sun (known as Milankovitch cycles, combine 
to produce cyclical changes in the global climate), both in its orbit and in the inclination 
of its spin axis.  
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 These cycles are believed to be responsible for the repeated advance and retreat of glaciers and 
ice sheets during the Pleistocene Epoch (1.8 million to 11,500 years before present), when Earth 
warmer ―interglacial‖ periods. Glacial periods occurred at roughly 100,000-year intervals.  
An interglacial period began about 10,000 years ago, when the last ice age came to an end. Prior 
to that ice age, an interglacial period occurred about 125,000 years ago. 
During interglacial periods, greenhouse gases such as carbon dioxide and methane naturally 
increase in the atmosphere from increased plant and animal life. But since 1750 greenhouse 
gases have increased dramatically to levels not seen in hundreds of thousands of years, due to the 
rapid growth of the human population combined with developments in technology and 
agriculture. Human activities now are a powerful factor influencing Earth‘s dynamic climate. 
These activities are in form of massive industrial developments for 
 production of transportation vehicles such cars, trucks, buses, aeroplanes, trains, ships 
which burn fossil fuels and emitting  millions of tonnes of greenhouse gases in the 
process 
 power generation especially through burning of fossil fuels 
 agricultural production and processing 
 industrial production of utilities 
The ice of the Polar Regions furnishes clues to the makeup of Earth‘s ancient atmosphere. Ice 
cores that scientists have bored from the ice sheets of Greenland and Antarctica provide natural 
records of both temperature and atmospheric greenhouse gases going back hundreds of 
thousands of years. Layers in these ice cores created by seasonal snowfall patterns allow 
scientists to determine the age of the ice in each core. By measuring tiny air bubbles trapped in 
the ice and properties of the ice itself, scientists have been able to estimate the temperature and 
amount of greenhouse gases in Earth‘s past atmosphere at the time each layer formed. Based on 
this data, it has been established that greenhouse gases have now risen to levels higher than at 
any time in the last 650,000 years.  
The mass/volume of greenhouse gases are rising, and temperatures are following. Before the late 
1800s, the average surface temperature of Earth was almost 15°C (59°F). Over the past 100 
years, the average surface temperature has risen by about 0.7 Celsius degrees (1.3 Fahrenheit 
degrees), with most of the increase occurring since the 1970s. Scientists have linked even this 
amount of warming to numerous changes taking place around the world, including melting 
mountain glaciers and polar ice, rising sea level, more intense and longer droughts, more intense 
storms, more frequent heat waves, and changes in the life cycles of many plants and animals. 
Warming has been most dramatic in the Arctic, where temperatures have risen almost twice as 
much as the global average. 
 
GLOBAL WARMING IN THE FUTURE 
At present, it is projected global warming will continue at a rate that is unprecedented in 
hundreds of thousands or even millions of years of Earth‘s history. It is equally predicted that 
8  FISON EKO 2010: INVITED PAPER 
 
considerably more warming will continue in the 21st century, depending on the level of future 
greenhouse gas emissions. For a scenario (possible situation) assuming higher emissions—in 
which emissions continue to increase significantly during the century—scientists project further 
warming of 2.4 to 6.4 Celsius degrees (4.3 to 11.5 Fahrenheit degrees) by the year 2100. For a 
scenario assuming lower emissions—in which emissions grow slowly, peak around the year 
2050, and then fall—scientists project further warming of 1.1 to 2.9 Celsius degrees (1.9 to 5.2 
Fahrenheit degrees) by the year 2100. 
Melting polar ice and glaciers, as well as warming of the oceans, expands ocean volume and 
raises sea level, which will eventually flood some coastal regions and even entire islands. 
Patterns of rainfall are expected to change, with higher latitudes (closer to the poles) projected to 
receive more rainfall, and subtropical areas (such as the Mediterranean and southern Africa) 
projected to receive considerably less. Changes in temperature and precipitation patterns may 
damage food crops, disrupting food production in some parts of the world. Plant and animal 
species will shift their ranges toward the poles or to higher elevations seeking cooler 
temperatures, and species that cannot do so may become extinct. Increasing levels of carbon 
dioxide in the atmosphere also leads to increased ocean acidity, damaging ocean ecosystems. 
Human beings face global warming with a huge population at risk. The potential consequences 
are so great that many of the world‘s leading scientists—and increasingly, politicians, business 
leaders, and other citizens—are calling for international cooperation and immediate action to 
counteract the problem. In this regard many UN sponsored international meetings have been held 
and limited success has been achieved and appropriate protocols produced. Among these are the 
Kyoto, the Montreal and more recently the Copenhagen Accord where sharp disagreement 
between the developed and the developing economies stalled a comprehensive protocol. 
 
Global and Continental Temperature Change 
Observed temperature changes in the different continents of North and South 
America, Europe, Africa, Asia and Australia from 1900-2000 are shown in Fig 3. The 
figure also shows the computed mean values for global land and global ocean and the 
overall global picture. It is shown that increase in temperature is obvious in all the 
continents but the magnitudes of increase were higher in Europe,, North America and 
Asia than in Africa, South America and Australia. 
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Figure  3. Comparison of observed continental- and global-scale changes in surface temperature 
with results simulated by climate models using natural and anthropogenic forcings. Decadal 
averages of observations are shown for the period 1906 to 2005 (black line) plotted against the 
centre of the decade and relative to the corresponding average for 1901–1950. Lines are dashed 
where spatial coverage is less than 50%. Blue shaded bands show the 5–95% range for 19 
simulations from five climate models using only the natural forcings due to solar activity and 
volcanoes. Red shaded bands show the 5–95% range for 58 simulations from 14 climate models 
using both natural and anthropogenic forcings. {Source IPCC, 2007) 
 It is likely that increases in greenhouse gas concentrations alone would have caused more 
warming than observed because volcanic and anthropogenic aerosols have offset some 
warming that would otherwise have taken place.  
 The observed widespread warming of the atmosphere and ocean, together with ice mass 
loss, support the conclusion that it is extremely unlikely that global climate change of the 
past 50 years can be explained without external forcing, and very likely that it is not due 
to known natural causes alone.  
 Warming of the climate system has been detected in changes of surface and atmospheric 
temperatures in the upper several hundred metres of the ocean, and in contributions to sea 
level rise. Attribution studies have established anthropogenic contributions to all of these 
changes. The observed pattern of tropospheric warming and stratospheric cooling is very 
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likely due to the combined influences of greenhouse gas increases and stratospheric 
ozone depletion.  
 It is likely that there has been significant anthropogenic warming over the past 50 years 
averaged over each continent except Antarctica. The observed patterns of warming, 
including greater warming over land than over the ocean, and their changes over time, are 
only simulated by models that include anthropogenic forcing. The ability of coupled 
climate models to simulate the observed temperature evolution on each of six continents 
provides stronger evidence of human influence on climate than was available in the TAR.  
 Difficulties remain in reliably simulating and attributing observed temperature changes at 
smaller scales. On these scales, natural climate variability is relatively larger, making it 
harder to distinguish changes expected due to external forcings. Uncertainties in local 
forcings and feedbacks also make it difficult to estimate the contribution of greenhouse 
gas increases to observed small-scale temperature changes.  
 Anthropogenic forcing is likely to have contributed to changes in wind patterns,
[13]
 
affecting extra-tropical storm tracks and temperature patterns in both hemispheres. 
However, the observed changes in the Northern Hemisphere circulation are larger than 
simulated in response to 20th-century forcing change.  
 Temperatures of the most extreme hot nights, cold nights and cold days are likely to have 
increased due to anthropogenic forcing. It is more likely than not that anthropogenic 
forcing has increased the risk of heat waves  
THE GREENHOUSE EFFECT  
Naturally occurring greenhouse gases include water vapor, carbon dioxide (CO2), methane 
(CH4), nitrous oxide (N2O), and ozone (O3). Several classes of halogenated substances that 
contain fluorine, chlorine, or bromine are also greenhouse gases, but they are, for the most part, 
solely a product of industrial activities. Chlorofluorocarbons (CFCs) and 
hydrochlorofluorocarbons (HCFCs) are halocarbons that contain chlorine, while halocarbons that 
contain bromine are referred to as bromofluorocarbons (i.e., halons). As stratospheric ozone 
depleting substances, CFCs, HCFCs, and halons are covered under the Montreal Protocol on 
Substances that Deplete the Ozone Layer. 
The energy that lights and warms Earth comes from the Sun. Short-wave radiation from the Sun, 
including visible light, penetrates the atmosphere and is absorbed by the surface, warming Earth. 
Earth‘s surface, in turn, releases some of this heat as long-wave infrared radiation. 
Much of this long-wave infrared radiation makes it back out to space, but a portion remains 
trapped in Earth‘s atmosphere, held in by certain atmospheric gases, including water vapor, 
carbon dioxide, and methane. Because they absorb and reflect heat radiated by Earth, these gases 
are called greenhouse gases because they act somewhat like the glass in a greenhouse, 
Only greenhouse gases, which make up less than 1 percent of the atmosphere, offer the Earth any 
insulation. All life on Earth relies on the greenhouse effect—without it, the average surface 
temperature of the planet would be about -18°C (0°F) and ice would cover Earth from pole to 
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pole.  
 
 
The energy that lights and warms Earth comes from the Sun. Short-wave radiation from the Sun, 
including visible light, penetrates the atmosphere and is absorbed by the surface, warming Earth. 
Earth‘s surface, in turn, releases some of this heat as long-wave infrared radiation. 
Much of this long-wave infrared radiation makes it back out to space, but a portion remains 
trapped in Earth‘s atmosphere, held in by certain atmospheric gases, including water vapor, 
carbon dioxide, and methane. Because they absorb and reflect heat radiated by Earth, these gases 
are called greenhouse gases because they act somewhat like the glass in a greenhouse, 
Only greenhouse gases, which make up less than 1 percent of the atmosphere, offer the Earth any 
insulation. All life on Earth relies on the greenhouse effect—without it, the average surface 
temperature of the planet would be about -18°C (0°F) and ice would cover Earth from pole to 
pole.  
 
  Types of Greenhouse Gases 
Greenhouse gases occur naturally in the environment and also result from human activities. By 
far the most abundant greenhouse gas is water vapor, which reaches the atmosphere through 
evaporation from oceans, lakes, and rivers. The amount of water vapor in the atmosphere is not 
directly affected by human activities. Carbon dioxide, methane, nitrous oxide, and ozone all 
occur naturally in the environment, but they are being produced at record levels by human 
activities. Other greenhouse gases do not occur naturally at all and are produced only through 
industrial processes. Human activities also produce airborne particles called aerosols, which 
offset some of the warming influence of increasing greenhouse gases. 
The Earth‘s surface is warm because of  the presence of greenhouse gases, which act as a partial 
blanket for the longwave radiation coming from the surface. This blanketing is known as the 
natural greenhouse effect. The most important greenhouse gases are water vapour and carbon 
dioxide. We know that the two most abundant constituents of the atmosphere – nitrogen and 
oxygen – have no such effect. Clouds, on the other hand, do exert a blanketing effect similar to 
that of the greenhouse gases; however, this effect is offset by their reflectivity, such that on 
average, clouds tend to have a cooling effect on climate (although locally one can feel the 
warming effect: cloudy nights tend to remain warmer than clear nights because the clouds radiate 
longwave energy back down to the surface). Human activities intensify the blanketing effect 
through the release of greenhouse gases. For instance, the amount of carbon dioxide in the 
atmosphere has increased by about 35% in the industrial era, and this increase is known to be due 
to human activities, primarily the combustion of fossil fuels and removal of forests. Thus, 
humankind has dramatically altered the chemical composition of the global atmosphere with 
substantial implications for climate.  
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Carbon dioxide 
Carbon Cycle 
Carbon is used by all living organisms, and it circulates continuously in Earth‘s ecosystem. In 
the atmosphere it exists as carbon dioxide, a colorless, odorless gas. Plants absorb carbon dioxide 
in the process of photosynthesis to produce carbohydrates and proteins. Animals acquire the 
carbon stored in plant tissue when they eat, and they exhale carbon dioxide as a by-product of 
metabolism. Surface bodies of water, especially oceans, absorb vast amounts of atmospheric 
carbon dioxide. Some carbon is removed from circulation as deposits of coal, oil, natural gas, 
and limestone. The burning of fossil fuels adds additional carbon dioxide to the atmosphere. 
  
  
Carbon dioxide is the second most abundant greenhouse gas, after water vapor. 
Carbon dioxide constantly circulates in the environment through a variety of natural processes 
known as the carbon cycle. It is released into the atmosphere from natural processes such as 
eruptions of volcanoes; the respiration of animals, which breathe in oxygen and exhale carbon 
dioxide; and the burning or decay of plants and other organic matter. Carbon dioxide leaves the 
atmosphere when it is absorbed into water, especially the oceans, and by plants, especially trees. 
Through a process called photosynthesis, plants use the energy of light to convert carbon dioxide 
and water into simple sugars, which they use as food. In the process, plants store carbon in new 
tissue and release oxygen as a byproduct. 
Humans are significantly increasing the amount of carbon dioxide released to the atmosphere 
through the burning of fossil fuels (such as coal, oil, and natural gas), solid wastes, and wood and 
wood products to heat buildings, drive vehicles, and generate electricity. At the same time, the 
number of trees available to absorb carbon dioxide through photosynthesis has been greatly 
reduced by deforestation, the widespread cutting of trees for lumber or to clear land for 
agriculture, infusrties and housing. 
Human activities are causing carbon dioxide to be released to the atmosphere much faster than 
Earth‘s natural processes can remove it. In addition, carbon dioxide can remain in the 
atmosphere a century or more before nature can dispose of it. Before the Industrial Revolution 
began in the mid-1700s, there were about 280 molecules of carbon dioxide per million molecules 
of air (abbreviated as parts per million, or ppm). Concentrations of carbon dioxide have risen 
since then as industrial production and fossil fuel-based transportation and electricity generation 
have spread around the world, accelerating in the last 50 years. In 2007 the Intergovernmental 
Panel on Climate Change (IPCC), a major scientific organization, reported that levels of carbon 
dioxide had risen to a record high of 379 ppm and are increasing an average of 1.9 ppm per year.  
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To stabilize atmospheric concentrations of carbon dioxide, global emissions would need to be cut 
significantly—on the order of 70 to 80 percent. If efforts are not made to reduce greenhouse gas 
emissions, carbon dioxide is projected to reach concentrations more than double or even triple 
the level prior to the Industrial Revolution by 2100. In a higher-emissions scenario carbon 
dioxide is projected to reach 970 ppm by 2100, more than tripling preindustrial concentrations. 
In a lower-emissions scenario, carbon dioxide is projected to reach 540 ppm by 2100, still almost 
doubling preindustrial concentrations.  
 
Methane  
 
Methane is emitted into the atmosphere during the mining of coal and the production and 
transport of natural gas and oil. Methane also comes from rotting organic matter in landfills, rice 
paddies, and wetlands, as well as from certain animals, especially cows and other ruminants, as a 
byproduct of digestion. Live plants also emit small amounts of methane. 
Currently, there are increasingly concerns about the release of methane and carbon dioxide from 
melting permafrost, areas of frozen ground in the tundra (Arctic plains) of Alaska, Siberia, and 
other subpolar regions. Temperatures in the top layer of permafrost have increased, leading to a 
decrease in the area of seasonally frozen ground. Methane released from these areas as they melt 
would contribute to further warming and further melting, in what scientists call a feedback 
process. 
Since the beginning of the Industrial Revolution, the amount of methane in the atmosphere has 
more than doubled. Methane traps nearly 30 times more heat than the same amount of carbon 
dioxide. Compared to carbon dioxide, methane appears in lower concentrations in the 
atmosphere and remains in the atmosphere for a shorter time. In total, methane contributes about 
a third as much as carbon dioxide to global warming. 
Nitrous oxide 
Nitrous oxide is a potent greenhouse gas that is released primarily by plowing farm soils and 
burning fossil fuels. Nitrous oxide traps about 300 times more heat than does the same amount of 
carbon dioxide. The concentration of nitrous oxide in the atmosphere has increased 18 percent 
over preindustrial levels. Nitrous oxide contributes about a tenth as much as carbon dioxide to 
global warming. 
Ozone 
Ozone is both a natural and human-made greenhouse gas. Ozone in the upper atmosphere is 
known as the ozone layer and shields life on Earth from the Sun‘s harmful ultraviolet radiation. 
This ozone is formed by the action of ultraviolet light from the Sun on molecules of ordinary 
oxygen. Some chemical compounds (CFC, HCFC, etc) are known to destroy ozone molecules in 
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the upper atmosphere. This can break down, or deplete, the ozone layer. Depletion of the ozone 
layer actually causes a slight cooling, offsetting a small part of the warming from greenhouse 
gases.  
However, ozone in the lower atmosphere is a component of smog, a severe type of air pollution. 
Nitrogen oxides and volatile organic gases emitted by automobiles and industrial sources 
combine to form the ozone in smog. This ozone is a poison that damages vegetation, kills trees, 
irritates lung tissues, and attacks rubber. It is also a greenhouse gas that contributes about a 
fourth as much as carbon dioxide to global warming. Unlike the greenhouse gases discussed 
above, which are well-mixed throughout the atmosphere, ozone in the lower atmosphere tends to 
be limited to industrialized regions. 
Synthetic Chemicals  
 
Manufacturing processes use or generate many synthetic chemicals that are powerful greenhouse 
gases. Although these gases are produced in relatively small quantities, they trap hundreds to 
thousands of times more heat in the atmosphere than an equal amount of carbon dioxide does. In 
addition, their chemical bonds make them exceptionally long-lived in the environment. 
Human-made greenhouse gases include: 
  chlorofluorocarbons (CFCs), a family of chlorine-containing gases that were widely 
used in the 20th century as refrigerants, aerosol spray propellants, and cleaning agents. It 
has been shown that the chlorine released by CFCs into the upper atmosphere destroys 
the ozone layer. As a result, CFCs are being phased out of production under a 1987 
international treaty, the Montréal Protocol on Substances that Deplete the Ozone Layer. 
CFCs were mostly banned in industrialized nations beginning in 1996 and will be phased 
out in developing countries after 2010.  
 New chemicals have been developed to replace CFCs, but they are also potent 
greenhouse gases. The substitutes include hydrochlorofluorocarbons (HCFCs), 
hydrofluorocarbons (HFCs), and perfluorocarbons (PFCs).  
Although HCFCs are less damaging to the ozone layer than CFCs, they also contain chlorine and 
are scheduled to be completely phased out by 2030 under amendments made in 2007 to the 
Montréal Protocol. Developed countries must end their use of HCFCs by 2020 under the 
amended protocol.  
Although HFCs and PFCs do not destroy the ozone layer, they are powerful greenhouse gases. In 
addition, they last longer in the atmosphere than CFCs, which have an average lifespan of 120 
years. PFCs are exceptionally long-lived chemicals—they can persist in the atmosphere between 
2,600 and 50,000 years, depending on the specific compound. Their accumulation in the 
atmosphere is therefore essentially irreversible. PFCs are used in the production of aluminum, in 
the manufacture of semiconductors, and as refrigerants. 
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 Another human-made chemical, sulfur hexafluoride, is one of the most potentially 
destructive greenhouse gases ever produced. This synthetic gas compound has nearly 
24,000 times the warming effect of an equal amount of carbon dioxide over a period of 
100 years. It is an exceptionally stable gas with an estimated lifespan of 3,200 years once 
it is released in the atmosphere. Sulfur hexafluoride is used as insulation for high-voltage 
electrical equipment and in the production and casting of magnesium. 
Aerosols 
Fuel combustion, and to a lesser extent agricultural and industrial processes, produce not only 
gases but also tiny solid and liquid particles called aerosols that remain suspended in the 
atmosphere. Although aerosols are not considered greenhouse gases, they do affect global 
warming in several ways. 
Another source of aerosols is from natural forcings due to solar changes and explosive volcanic 
eruptions. Solar output has increased gradually in the industrial era, causing a small positive 
radiative forcing. This is in addition to the cyclic changes in solar radiation that follow an 11-
year cycle. Solar energy directly heats the climate system and can also affect the atmospheric 
abundance of some greenhouse gases, such as stratospheric ozone. Explosive volcanic eruptions 
can create a short-lived (2 to 3 years) negative forcing through the temporary increases that occur 
in sulphate aerosol in the stratosphere. The stratosphere is currently free of volcanic aerosol, 
since the last major eruption was in 1991 (Mt. Pinatubo) except for recent contribution from  the 
volcanic eruption in Iceland that grounded a substantial fraction of air travel in Europe. 
 
Diesel engines and some types of biomass burning produce black aerosols such as soot, which 
absorb the Sun‘s energy and therefore contribute to warming. Conversely, coal-fired power 
plants burning high-sulfur coal emit sulfate aerosols, which are light-colored aerosols that reflect 
incoming solar energy back to space. In this way, they have a cooling effect. Natural aerosols 
that also have a cooling effect are produced during volcanic eruptions and the evaporation of 
seawater. Aerosol particles also have an indirect cooling influence by acting as ―seeds‖ for the 
condensation of water vapor into cloud masses. In general, the amount of solar energy reflected 
back to space is greater on cloudy days. 
Overall, aerosols may roughly offset the net warming influence of non-carbon dioxide 
greenhouse gases, half through their direct cooling effect and half through their indirect cooling 
effect. However, considerable uncertainty in aerosol processes means that their cooling influence 
could be much larger or much smaller. Aerosols are one of the least-understood factors in 
climate change and their effects are still being debated. Scientists are more certain, however, 
about the net effect of all greenhouse gas and aerosol emissions, which is estimated to be roughly 
equal to the warming influence of carbon dioxide alone.  
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CLIMATE CHANGE  
The climate system is a complex, interactive system consisting of the atmosphere, land surface, 
snow and ice, oceans and other bodies of water, and living things. The atmospheric component 
of the climate system most obviously characterises climate; climate is often defined as ‗average 
weather‘. Climate is usually described in terms of the mean and variability of temperature, 
precipitation and wind over a period of time, ranging from months to millions of years (the 
classical period is 30 years). The climate system evolves in time under the influence of its own 
internal dynamics and due to changes in external factors that affect climate (called ‗forcings‘). 
External forcings include natural phenomena such as volcanic eruptions and solar variations, as 
well as human-induced changes in atmospheric composition. Solar radiation powers the climate 
system. There are three fundamental ways to change the radiation balance of the Earth:  
 by changing the incoming solar radiation (e.g., by changes in Earth‘s orbit or in the Sun 
itself);  
  by changing the fraction of solar radiation that is reflected (called ‗albedo‘; e.g., by 
changes in cloud cover, atmospheric particles or vegetation); and  
 by altering the longwave radiation from Earth back towards space (e.g., by changing 
greenhouse gas concentrations). Climate, in turn, responds directly to such changes, as 
well as indirectly, through a variety of feedback mechanisms.  
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Fig Schematic view of the components of the climate system, their processes and 
interactions  
 
Climate change is the long-term alteration in global weather patterns, especially increases in 
temperature, precipitation and storm activity, regarded as a potential consequence of the 
greenhouse effect. 
Climate change in Intergovernmental Panel on Climate Change (IPCC) usage refers to any 
change in climate over time, whether due to natural variability or as a result of human activity. 
This usage differs from that in the United Nations Framework Convention on Climate Change, 
where climate change refers to a change of climate that is attributed directly or indirectly to 
human activity that alters the composition of the global atmosphere and that is in addition to 
natural climate variability observed over comparable time periods.  
The Intergovernmental Panel on Climate Change (IPCC) is an international group of scientists 
that evaluates scientific and technical information related to climate change and global warming 
(an increase in Earth‘s surface temperature). The IPCC publishes an assessment of the latest 
scientific data related to climate change about every five years. In its Third Assessment Report, 
released in January 2001, the IPCC sharply increased its projections, predicting a global average 
surface temperature rise of 1.4 to 5.8°C (2.5 to 10.4°F) over the period 1990 to 2100 compared to 
a previous assessment of 1.0 to 3.5°C (1.8 to 6.3°F) for the same period. This IPCC report also 
for the first time identified human activity as the primary cause for global warming. 
While the behavior of the climate system and the processes that cause global warming are well 
understood and grounded in basic scientific principles, scientists are still working to understand 
certain details of the climate system and its response to increasing greenhouse gases. Scientific 
uncertainty is inevitable with a system as complex as Earth‘s climate. However, advancements in 
measuring, analyzing, and modeling techniques have helped clarify many uncertainties in recent 
years. 
For example, there had been uncertainty regarding why the warming trend stopped for three 
decades in the middle of the 20th century. Records even showed some cooling before the climb 
resumed in the 1970s. The lack of warming at mid-century is now attributed largely to the sulfate 
aerosols in air pollution, which have a cooling effect because they reflect some incoming 
sunlight back to space. Continued warming has now overcome this effect, in part because 
pollution control efforts have made the air cleaner. 
Satellite measurements of atmospheric temperature, which became available around 1980, 
originally were thought to measure much less warming in the lower region of the atmosphere 
than surface thermometers. This led to some doubt about the accuracy of the warming detected at 
the surface. Eventually, other researchers reanalyzed the satellite data using more advanced 
techniques and concluded that the satellites were detecting warming quite similar to surface 
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measurements. While there is still some uncertainty, scientists examining the satellite data now 
agree that the record is consistent with a warming world. 
For many years global warming was portrayed in the media as an issue with two sides, with 
some scientists arguing that global warming is occurring and others arguing that it is not. 
However, this portrayal was an oversimplification of the scientific debate. Skeptics of global 
warming, including some scientists, pointed to lingering scientific uncertainties to question 
whether global warming is actually occurring. However, there is now undeniable evidence that 
global temperatures are increasing, based on direct temperature measurements and observations 
of other impacts such as melting glaciers and polar ice, rising sea level, and changes in the 
lifecycles of plants and animals. As the scientific evidence on rising global temperature became 
indisputable, skeptics focused their argument on whether human activities are in fact the cause of 
global warming. They argued that the observed warming could be caused by natural processes 
such as changes in the energy emitted by the Sun. However, the Sun‘s influence has been found 
to have contributed only slightly to observed warming, particularly since the mid-20th century. 
In fact, there is overwhelming evidence that greenhouse gas emissions from human activities are 
the main cause of the warming.  
In 1988 the United Nations Environment Program (UNEP) and the World Meteorological 
Organization (WMO) established the Intergovernmental Panel on Climate Change (IPCC). The 
panel comprises thousands of the top climate scientists from around the world and releases a 
report every six years describing the state of scientific knowledge on global warming. The 
IPCC‘s Fourth Assessment Report, released in 2007, offered the strongest scientific consensus to 
date on global warming. The panel concluded that it is ―very likely‖ (more than 90 percent 
probability) that human activities are responsible for most of the warming since the mid-20th 
century; that it is ―extremely unlikely‖ (less than 5 percent probability) that the warming is due 
to natural variability; and that it is ―very likely‖ the warming is not due to natural causes alone. 
This level of certainty is extremely high, given the complexity of the climate system and of the 
influence of human activities on the climate. 
Consistent with observed increases in surface temperature, there have been decreases in the 
length of river and lake ice seasons. Further, there has been an almost worldwide reduction in 
glacial mass and extent in the 20th century; melting of the Greenland Ice Sheet has recently 
become apparent; snow cover has decreased in many Northern Hemisphere regions; sea ice 
thickness and extent have decreased in the Arctic in all seasons, most dramatically in spring and 
summer; the oceans are warming; and sea level is rising due to thermal expansion of the oceans 
and melting of land ice  
. 
RISE IN SEA LEVEL 
There is strong evidence that global sea level gradually rose in the 20th century and is currently 
rising at an increased rate, after a period of little change between AD 0 and AD 1900. Sea level 
is projected to rise at an even greater rate in this century. The two major causes of global sea 
19  FISON EKO 2010: INVITED PAPER 
 
level rise are thermal expansion of the oceans (water expands as it warms) and the loss of land-
based ice due to increased melting.  
Global sea level rose by about 120 m during the several millennia that followed the end of the 
last ice age (approximately 21,000 years ago), and stabilised between 3,000 and 2,000 years ago. 
Sea level indicators suggest that global sea level did not change significantly from then until the 
late 19th century. The instrumental record of modern sea level change shows evidence for onset 
of sea level rise during the 19th century. Estimates for the 20th century show that global average 
sea level rose at a rate of about 1.7 mm yr
–1
.  
Satellite observations available since the early 1990s provide more accurate sea level data with 
nearly global coverage. This decade-long satellite altimetry data set shows that since 1993, sea 
level has been rising at a rate of around 3 mm yr
–1
, significantly higher than the average during 
the previous half century. Coastal tide gauge measurements confirm this observation, and 
indicate that similar rates have occurred in some earlier decades.  
In agreement with climate models, satellite data and hydrographic observations show that sea 
level is not rising uniformly around the world. In some regions, rates are up to several times the 
global mean rise, while in other regions sea level is falling. Substantial spatial variation in rates 
of sea level change is also inferred from hydrographic observations. Spatial variability of the 
rates of sea level rise is mostly due to non-uniform changes in temperature and salinity and 
related to changes in the ocean circulation.  
Near-global ocean temperature data sets made available in recent years allow a direct calculation 
of thermal expansion. It is believed that on average, over the period from 1961 to 2003, thermal 
expansion contributed about one-quarter of the observed sea level rise, while melting of land ice 
accounted for less than half. Thus, the full magnitude of the observed sea level rise during that 
period was not satisfactorily explained by those data sets, as reported in the IPCC Third 
Assessment Report.  
During recent years (1993–2003), for which the observing system is much better, thermal 
expansion and melting of land ice each account for about half of the observed sea level rise, 
although there is some uncertainty in the estimates.  
The reasonable agreement in recent years between the observed rate of sea level rise and the sum 
of thermal expansion and loss of land ice suggests an upper limit for the magnitude of change in 
land-based water storage, which is relatively poorly known. Model results suggest no net trend in 
the storage of water over land due to climate-driven changes but there are large interannual and 
decadal fluctuations. However, for the recent period 1993 to 2003, the small discrepancy 
between observed sea level rise and the sum of known contributions might be due to 
unquantified human- induced processes (e.g., groundwater extraction, impoundment in 
reservoirs, wetland drainage and deforestation) (IPCC, 2007).  
Global sea level is projected to rise during the 21st century at a greater rate than during 1961 to 
2003. Under the IPCC Special Report on Emission Scenarios (SRES) A1B scenario by the mid-
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2090s, for instance, global sea level reaches 0.22 to 0.44 m above 1990 levels, and is rising at 
about 4 mm yr
–1
. As in the past, sea level change in the future will not be geographically 
uniform, with regional sea level change varying within about ±0.15 m of the mean in a typical 
model projection. Thermal expansion is projected to contribute more than half of the average 
rise, but land ice will lose mass increasingly rapidly as the century progresses. An important 
uncertainty relates to whether discharge of ice from the ice sheets will continue to increase as a 
consequence of accelerated ice flow, as has been observed in recent years. This would add to the 
amount of sea level rise, but quantitative projections of how much it would add cannot be made 
with confidence, owing to limited understanding of the relevant processes.  
Figure 4  shows the evolution of global mean sea level in the past and as projected for the 21st 
century for the SRES A1B scenario.  
 
 Figure 4 . Time series of global mean sea level (deviation from the 1980-1999 mean) in the past 
and as projected for the future. For the period before 1870, global measurements of sea level are 
not available. The grey shading shows the uncertainty in the estimated long-term rate of sea 
level change. Source IPCC,2007.  
INCREASED RAINFAL AND DROUGHT 
Precipitation is the general term for rainfall, snowfall and other forms of frozen or liquid water 
falling from clouds. Precipitation is intermittent, and the character of the precipitation when it 
occurs depends greatly on temperature and the weather situation. The latter determines the 
supply of moisture through winds and surface evaporation, and how it is gathered together in 
storms as clouds. Precipitation forms as water vapour condenses, usually in rising air that 
expands and hence cools. As precipitation maps tend to be spotty, overall trends in precipitation 
are indicated by the Palmer Drought Severity Index (see Figure ), which is a measure of soil 
moisture using precipitation and crude estimates of changes in evaporation.  
Observations in Nigeria and other parts of the world show that changes are occurring in the 
amount, intensity, frequency and type of precipitation. These aspects of precipitation generally 
exhibit large natural variability, and El Niño and changes in atmospheric circulation patterns 
such as the North Atlantic Oscillation have a substantial influence. Pronounced long-term trends 
from 1900 to 2005 have been observed in precipitation amount in some places: significantly 
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wetter in eastern North and South America, northern Europe and northern and central Asia, but 
drier in the Sahel, southern Africa, the Mediterranean and southern Asia. More precipitation now 
falls as rain rather than snow in northern regions. Widespread increases in heavy precipitation 
events have been observed, even in places where total amounts have decreased. These changes 
are associated with increased water vapour in the atmosphere arising from the warming of the 
world‘s oceans, especially at lower latitudes. There are also increases in some regions in the 
occurrences of both droughts and floods.  
As climate changes, several direct influences alter precipitation amount, intensity, frequency and 
type. Warming accelerates land surface drying and increases the potential incidence and severity 
of droughts, which has been observed in many places worldwide (Figure 4). However, a well-
established physical law (the Clausius-Clapeyron relation) determines that the water-holding 
capacity of the atmosphere increases by about 7% for every 1°C rise in temperature. 
Observations of trends in relative humidity are uncertain but suggest that it has remained about 
the same overall, from the surface throughout the troposphere, and hence increased temperatures 
will have resulted in increased water vapour. Over the 20th century, based on changes in sea 
surface temperatures, it is estimated that atmospheric water vapour increased by about 5% in the 
atmosphere over the oceans. Because precipitation comes mainly from weather systems that feed 
on the water vapour stored in the atmosphere, this has generally increased precipitation intensity 
and the risk of heavy rain and snow events. Basic theory, climate model simulations and 
empirical evidence all confirm that warmer climates, owing to increased water vapour, lead to 
more intense precipitation events even when the total annual precipitation is reduced slightly, 
and with prospects for even stronger events when the overall precipitation amounts increase. The 
warmer climate therefore increases risks of both drought − where it is not raining − and floods − 
where it is − but at different times and/or places. For instance, the summer of 2002 in Europe 
brought widespread floods but was followed a year later in 2003 by record-breaking heat waves 
and drought. The distribution and timing of floods and droughts is most profoundly affected by 
the cycle of El Niño events, particularly in the tropics and over much of the mid-latitudes of 
Pacific-rim countries.  
In areas where aerosol pollution masks the ground from direct sunlight, decreases in evaporation 
reduce the overall moisture supply to the atmosphere. Hence, even as the potential for heavier 
precipitation results from increased water vapour amounts, the duration and frequency of events 
may be curtailed, as it takes longer to recharge the atmosphere with water vapour.  
Local and regional changes in the character of precipitation also depend a great deal on 
atmospheric circulation patterns determined by El Niño, the North Atlantic Oscillation (NAO; a 
measure of westerly wind strength over the North Atlantic in winter) and other patterns of 
variability. Some of these observed circulation changes are associated with climate change. An 
associated shift in the storm track makes some regions wetter and some − often nearby − drier, 
making for complex patterns of change. For instance, in the European sector a more positive 
NAO in the 1990s led to wetter conditions in northern Europe and drier conditions over the 
Mediterranean and northern African regions (Figure ). The prolonged drought in the Sahel (see 
Figure ), which was pronounced from the late 1960s to the late 1980s, continues although it is 
not quite as intense as it was; it has been linked, through changes in atmospheric circulation, to 
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changes in tropical sea surface temperature patterns in the Pacific, Indian and Atlantic Basins. 
Drought has become widespread throughout much of Africa and more common in the tropics and 
subtropics. The long-term record emphasizes that patterns of precipitation vary somewhat from 
year to year, and even prolonged multi-year droughts are usually punctuated by a year of heavy 
rains; for instance as El Niño influences are felt. An example may be the wet winter of 2004-
2005 in the southwestern USA following a six-year drought and below-normal snowpack. 
 
 
Figure 5 The most important spatial pattern (top) of the monthly Palmer Drought Severity Index 
(PDSI) for 1900 to 2002. The PDSI is a prominent index of drought and measures the cumulative 
deficit (relative to local mean conditions) in surface land moisture by incorporating previous 
precipitation and estimates of moisture drawn into the atmosphere (based on atmospheric 
temperatures) into a hydrological accounting system. The lower panel shows how the sign and 
strength of this pattern has changed since 1900. Red and orange areas are drier (wetter) than 
average and blue and green areas are wetter (drier) than average when the values shown in the 
lower plot are positive (negative). The smooth black curve shows decadal variations. The time 
series approximately corresponds to a trend, and this pattern and its variations account for 67% 
of the linear trend of PDSI from 1900 to 2002 over the global land area. It therefore features 
widespread increasing African drought, especially in the Sahel, for instance. Note also the wetter 
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areas, especially in eastern North and South America and northern Eurasia. Adapted from Dai et 
al. (2004b). Source IPCC,2007. 
 
DOUBTS ABOUT CLIMATE CHANGE 
There are many (including renowned scientists) who think that what is currently regarded as 
climate change is part of natural long term climate change. I think answers provided in 
Contribution of Working Group I to the Fourth Assessment Report of the Intergovernmental 
Panel on Climate Change, 2007 can educate the skeptics. The questions posed for which answers 
are provided are reproduced below. 
Frequently Asked Questions 
FAQ 1.1: What Factors Determine Earth‘s Climate? 
FAQ 1.2: What is the Relationship between Climate Change and Weather? 
FAQ 1.3: What is the Greenhouse Effect? 
FAQ 2.1: How do Human Activities Contribute to Climate Change and How do They Compare 
with Natural Influences? 
FAQ 3.1: How are Temperatures on Earth Changing? 
FAQ 3.2: How is Precipitation Changing? 
FAQ 3.3: Has there been a Change in Extreme Events like Heat Waves, Droughts, Floods and 
Hurricanes? 
FAQ 4.1: Is the Amount of Snow and Ice on the Earth Decreasing? 
FAQ 5.1: Is Sea Level Rising? 
FAQ 6.1: What Caused the Ice Ages and Other Important Climate Changes Before the Industrial 
Era? 
FAQ 6.2: Is the Current Climate Change Unusual Compared to Earlier Changes in Earth‘s 
History? 
FAQ 7.1: Are the Increases in Atmospheric Carbon Dioxide and Other Greenhouse Gases 
During the Industrial Era Caused by Human Activities?  
FAQ 8.1: How Reliable Are the Models Used to Make Projections of Future Climate Change? 
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FAQ 9.1: Can Individual Extreme Events be Explained by Greenhouse Warming? 
FAQ 9.2: Can the Warming of the 20th Century be Explained by Natural Variability? 
FAQ 10.1: Are Extreme Events, Like Heat Waves, Droughts or Floods, Expected to Change as 
the Earth‘s Climate Changes? 
FAQ 10.2: How Likely are Major or Abrupt Climate Changes, such as Loss of Ice Sheets or 
Changes in Global Ocean Circulation? 
FAQ 10.3: If Emissions of Greenhouse Gases are Reduced, How Quickly do Their 
Concentrations in the Atmosphere Decrease? 
FAQ 11.1: Do Projected Changes in Climate Vary from Region to Region? 
We may not have all the answers but based on available data past and present used in the 
predictive models by collaborating scientists from over 30 countries, the results point 
unequivocally in the direction of climate change. Perhaps it is better for the human race to act on 
the side of caution to avert future climate global disasters which we may not be able to handle. 
We have warnings from the Katrina, and excessive floods in Asia and Australia in recent time. 
GLOBAL WARMING AND CLIMATE CHANGE - THE NIGERIAN SITUATION 
Research information on global warming and climate change in Nigeria and the African 
continent are rather few but there is convincing evidence of serious input to global warming. Gas 
flaring from crude oil production flow stations dot the Niger Delta and extend into the coastal 
waters. In addition to elevating the temperature of the surrounding atmosphere, the flares also 
produce CO2, CH4, particulate matter, aerosols and possibly oxides of nitrogen—all of which are 
greenhouse gases. It has been estimated that Nigeria contributed 0.13% of total CO2 emission in 
the world (Nielsen 1986). Coal fired power plants existed in the past but are now replaced with 
gas fired power plants but new ones are being considered. In major cities many sub-urban 
homes, each household operates at least one fuel fired power generator. These also discharge 
large amount of greenhouse gases into the atmosphere. Furthermore, there are hundreds of 
thousands of second hand vehicles (cars, trucks, buses and trailers) on the roads. Their fuel 
consumption efficiency is usually suspect and they thereby emit large amount of greenhouse 
gases into the atmosphere. We need to quantify the amount of greenhouse gases that we emit into 
the atmosphere on a time scale. 
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Plate 1 A gas flaring facility in the Niger Delta 
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Plate 2 Aerial view of an urban coastal city  
Examples of some projected impacts for Africa (including Nigeria) as provided by IPCC (2007) 
are:. Hence  
 
  
 By 2020, between 75 and 250 million of people are projected to be exposed to increased 
water stress due to climate change. About 20% of Africans live in Nigeria hence a large 
fraction of our population would be affected  
 By 2020, in some countries, yields from rain-fed agriculture could be reduced by up to 
50%. Agricultural production, including access to food, in many African countries is 
projected to be severely compromised. This would further adversely affect food security 
and exacerbate malnutrition. More than 50% of food production from Nigerian farms 
are rain-fed 
 Towards the end of the 21
st
 century, projected sea level rise will affect low-lying coastal 
areas with large populations. The cost of adaptation could amount to at least 5 to 10% of 
Gross Domestic Product (GDP).scenarios (TS). Nigeria has a coastline that stretches for 
close to 900km and we are potentially in the line of fire especially in areas where 
coastal land reclamation has altered the natural mangrove ecosystem . 
 By 2080, an increase of 5 to 8% of arid and semi-arid land in Africa is projected under a 
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range of climate 
 
Climate change is likely to lead to some irreversible impacts. There is medium confidence that 
approximately 20 to 30% of species assessed so far are likely to be at increased risk of 
extinction if increases in global average warming exceed 1.5 to 2.5°C (relative to 1980-1999). 
There is dearth of information on the on the conservation status of Nigerian fauna and flora but 
a few species already exist on the IUCN Red List (Fagade, 2010). We need to document animal 
and plant species that have become extinct, those that are threatened with extinction and those 
that are endangered.  As global average temperature increase exceeds about 3.5°C, model 
projections suggest significant extinctions (40 to 70% of species assessed) around the globe.  
 
IMPLICATIONS FOR FISHERIES 
Nigeria has vast inland water resources covering close to two million hectares (Ita &Sado 1984 
and Ita et.al., 1985) (Figure 6). The figure shows the main river basins as including: 
 Sokoto- Rima Basin (Upper Niger),  
 Kaduna River Basin 
 Hadejia River Basin 
 Gongola/Taraba River Basin (Upper Benue) 
 Lower Benue River Basin 
 Cross River Basin 
 Anambra River Basin  
 Osse River Basin and 
 Ogun River Basin 
Nigeria‘s coastline extends for 953km which translates to more than 400,000km2 for a 450km 
EEZ. Artisanal fisheries are confined to the rivers, lakes, and inshore coastal waters while 
industrial fisheries are confined to the marine environment. Annual fish production is estimated 
at more than 400,000 metric tonnes. 
We have noted that global warming (temperature elevation) and rise in sea level (increased 
rainfall plus polar ice melting) as being among the two major features of climate change. 
Increase in temperature results in thermal expansion of the water with corresponding increase in 
volume. Increased temperature also results in increase in evaporation rate over the water bodies 
especially the sea with consequent precipitation. Nigeria has witnessed extensive flooding in 
many widely separated parts of the country. The most recent is the huge flooding of the Ogun 
River. Let us be warned, flooding will come in the future with greater force as had occurred in 
Pakistan if global warming continues. 
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Flooding provides larger area of water for aquatic organisms to exploit for food, grow and 
reproduce. Flood plains are known breeding grounds for majority of freshwater fish species. In 
the flooded area fish eggs, hatchlings, fingerlings and juveniles are better protected from 
predators compared to when spawning takes place in the open water. In the flood plain, food is 
equally abundant for the developing and adult fish species.  
Flooding thereby increases the size of the fishing ground, provides additional food and income to 
the fishermen and improves health from the consumption of high quality proteinous food. 
Flooding is temporal and boom can soon turn to doom. 
Flood water contains a large amount of suspended silt materials which are deposited 
downstream. The deposited silt can smother sessile  bottom dwelling animals and the deposition 
process can alter the depth profile of the water column- Siltation is pronounced in lower riches of 
rivers particularly estuaries. Siltation has been recorded in Lagos Harbour, Bonny R estuary, 
Cross River estuary and in virtually all other estuaries along the entire Nigerian coast It should 
be noted that the greater the rain, the greater the magnitude of flooding and corresponding 
siltation.  
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Fig 6 Hydrological map of Nigeria showing the major inland waters 
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Plate 3 Recent flooding of the Lower Ogun River near Lagos 
 
Plate 4 Recent flooding of the Lower Ogun River near Lagos 
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Plate 5 Recent flooding of the Lower Ogun River near Lagos 
 
l  
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Plate 6 Recent flooding of the Lower Ogun River near Lagos 
 
The composition of flood water is influenced by the features of the soil and human activities in 
the drainage area. Flood water sweeping over farmlands (especially in the north) will wash off 
residues of pesticides and herbicides. Flood water over industrial facilities will be contaminated 
by industrial effluents. Fisheries production pattern will alter. The livelihood of those dependent 
on the fisheries will be affected 
Rise in sea level will also affect the fisheries. A sea level rise of one metre along the West Africa 
Coast will result in remarkable salination of river waters far inland. This situation can also arise 
during periods of severe drought. Areas that are hitherto known to have freshwater features will 
become brackish. The fisheries of the area will be affected; euryhaline species will tolerate the 
increased salinity while stenohaline species will migrate upstream. Habitat alteration will affect 
reproductive patterns and hence recruitment into the fisheries. Those whose sole source of 
income is from the environment will be adversely affected.  
 
POTENTIAL IMPACTS ON AQUACULTURE 
It has been established that aquaculture can make Nigeria self sufficient in fish production. 
While this potential is only minimally utilized, it is desirable to protect the waters that confer this 
potential. There are diverse methods for aquaculture. Intensive fish culture in closed recirculating 
system has employed modern technology to enhance efficiency, production, quality and profit on 
investment. The intensive culture technique is however restricted to the limited few who can 
afford the capital outlay. Semi-intensive fish culture is conducted in concrete tanks but their size 
is limited by the cost of concrete walls. Extensive fish culture in earthen ponds located near a 
reliable source of clean water (usually a perennial river) is common and widespread in Nigeria. 
These types of ponds are common in the basins of the big rivers and in the Niger Delta. These 
types of ponds can be washed away by massive floods associated with rise in water level. Large 
amount of suspended silt in flood water can clog the gills of cultured fish species. Pollutants in 
the flood water can cause distress to the cultured fish and in severe situation can cause fish kill. 
All these can inflict considerable financial loss on the fish farmers.  
The confined environment of a fish pond is susceptible to rapid alteration in physical and 
chemical conditions as dictated by prevailing weather. Increase in atmospheric temperature will 
result in gradual increase in the temperature of the water. Increased temperatures result in 
decreased dissolved oxygen concentration. Fish species have different tolerance limit for 
dissolved oxygen concentration. Tilapias and mudfishes can survive in waters with DO values as 
low as 2.0mg/litre but they cannot grow or reproduce (Boyd,1979). Prolonged increase in 
temperature will drastically reduce fish production in ponds. 
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Water quality parameters such as pH and salinity also affect fish production in ponds. Salinity of 
fish ponds in the coastal belt can be raised by rise in sea level leading to rise in water level of the 
ponds especially in areas of salt intrusion. 
Although aquaculture is a profit making venture it contributes markedly to improving nutrition 
of the populace through the production of quality animal protein. These benefits will be 
diminished or eliminated by the impact of global warming and climate change. 
SUGGESTED MITIGATIONS 
Adaptation and mitigation options
 
 
A wide array of adaptation options is available, but more extensive adaptation than is currently 
occurring is required to reduce vulnerability to climate change. There are barriers, limits and 
costs, which are not fully understood.   
Societies have a long record of managing the impacts of weather- and climate-related events. 
Nevertheless, additional adaptation measures will be required to reduce the adverse impacts of 
projected climate change and variability, regardless of the scale of mitigation undertaken over 
the next two to three decades. Moreover, vulnerability to climate change can be exacerbated by 
other stresses. These arise from, for example, current climate hazards, poverty and unequal 
access to resources, food insecurity, trends in economic globalisation, conflict and incidence of 
diseases such as HIV/AIDS.  
Some planned adaptation to climate change is already occurring on a limited basis. Adaptation 
can reduce vulnerability, especially when it is embedded within broader sectoral initiatives 
Table 2  Selected examples of planned adaptation by sector.  
Sector  
Adaptation 
option/strategy  
Underlying policy 
framework  
Key constraints and 
opportunities to 
implementation 
(Normal font = 
constraints; italics = 
opportunities)  
Water  
Expanded rainwater 
harvesting; water storage 
and conservation 
techniques; water re-use; 
desalination; water-use
 
and 
irrigation efficiency  
National water 
policies and 
integrated water 
resources 
management; 
water-related 
Financial, human 
resources and 
physical barriers; 
integrated water 
resources 
management; 
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hazards 
management  
synergies with other 
sectors   
Agriculture  
Adjustment of planting 
dates and crop variety; crop 
relocation; improved land 
management, e.g. erosion 
control and soil protection 
through tree planting  
R&D policies; 
institutional 
reform; land tenure 
and land reform; 
training; capacity 
building; crop 
insurance; financial 
incentives, e.g. 
subsidies and tax 
credits   
Technological and 
financial constraints; 
access to new 
varieties; markets; 
longer growing 
season in higher 
latitudes; revenues 
from ‗new‘ products   
Infrastructure/settlement 
(including coastal zones) 
  
Relocation; seawalls and 
storm surge barriers; dune 
reinforcement; land 
acquisition and creation of 
marshlands/wetlands as 
buffer against sea level rise 
and flooding; protection of 
existing natural barriers  
Standards and 
regulations that 
integrate climate 
change 
considerations into 
design; land-use 
policies; building 
codes; insurance  
Financial and 
technological 
barriers; availability 
of relocation space; 
integrated policies 
and management; 
synergies with 
sustainable 
development goals   
Human health  
Heat-health action plans; 
emergency medical 
services; improved climate-
sensitive disease 
surveillance and control; 
safe water and improved 
sanitation   
Public health 
policies that 
recognise climate 
risk; strengthened 
health services; 
regional and 
international 
cooperation  
Limits to human 
tolerance (vulnerable 
groups); knowledge 
limitations; financial 
capacity; upgraded 
health services; 
improved quality of 
life  
(Source IPCC 2007) 
 
RECOMMENDATIONS AND CONCLUSIONS 
We need to strengthen our framework. The directorate for Climate Change in the Federal 
Ministry of Environment should be strengthened to have a Research Division. The Nigeria 
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Environmental Standards Regulations and Enforcement Agency (NESREA) has an important 
role in ensuring environmental compliance. 
There must be unfettered cooperation between various government agencies with responsibilities 
for data gathering (Nigeria Metrology Agency, Nigeria Institute of Oceanography and Marine 
Research) and the Federal Ministry of Environment. 
Nigeria must establish cordial working relationship and collaborate extensively with 
international organizations such as World Meteorological Organization (WMO), World Climate 
Research Program (WCRP), United Nations Environmental Program (UNEP) and the 
International Geosphere Biosphere Program (IGBP). 
The Federal Ministry of Environment must publish regular information about the Nigerian 
environment 
Our State Ministries of Environment must compliment the efforts of the Climate Change 
Division of the Federal Ministry of Environment 
We now have legal instrument that stipulates time frame for elimination of gas flaring in 
NIGERIA. Let us hope that the provisions of this law will be implemented diligently otherwise 
we shall still be among the culprit nations guilty of greenhouse gases emission into the 
atmosphere. 
We should have in place a crop of well-trained volunteer personnel who can have coordinated 
Emergency Response whenever there is a disaster.  
We can conclude that from the facts before us, climate change is with us. We must therefore join 
forces with the scientific community to mitigate observed impacts. While not being alarmist the 
potential catastrophe is huge for the human race if we have in mind the Katrina and Haiti 
hurricanes and the flood disaster in Pakistan and Australia. 
 
THANK YOU FOR YOUR ATTENTION 
Addendum 
In order to provide an up-to-date picture of global concerns on climate change , the declaration 
released at the end of the UN Conference on Climate Change is reproduced as a concluding part 
of this presentation. Let the Cancum agreement speak for itself 
UN Climate Change Conference in Cancun delivers balanced package of decisions, restores faith 
in multilateral process 11/ 12/ 2010 
 
The press statement issued by United Nations Environmental Programme at the end of the 
Climate Change Conference held in Cancum, Mexico from 29 November to 19 December 2010 
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is reproduced verbatim below to highlight the magnitude of importance attached to climate 
change by the international community. 
 
(Cancun, 11 December 2010) The UN Climate Change Conference in Cancun, Mexico, ended on 
Saturday with the adoption of a balanced package of decisions that set all governments more 
firmly on the path towards a low-emissions future and support enhanced action on climate 
change in the developing world. 
The package, dubbed the 'Cancun Agreements' was welcomed to repeated loud and prolonged 
applause and acclaim by Parties in the final plenary. 
"Cancun has done its job. The beacon of hope has been reignited and faith in the multilateral 
climate change process to deliver results has been restored," said UNFCCC Executive Secretary 
Christiana Figueres. "Nations have shown they can work together under a common roof, to reach 
consensus on a common cause. They have shown that consensus in a transparent and inclusive 
process can create opportunity for all," she said. 
"Governments have given a clear signal that they are headed towards a low-emissions future 
together, they have agreed to be accountable to each other for the actions they take to get there, 
and they have set it out in a way which encourages countries to be more ambitious over time," 
she said.  
Nations launched a set of initiatives and institutions to protect the poor and the vulnerable from 
climate change and to deploy the money and technology that developing countries need to plan 
and build their own sustainable futures. And they agreed to launch concrete action to preserve 
forests in developing nations, which will increase going forward. 
They also agreed that countries need to work to stay below a two degree temperature rise and 
they set a clear timetable for review, to ensure that global action is adequate to meet the 
emerging reality of climate change.  
"This is not the end, but it is a new beginning. It is not what is ultimately required but it is the 
essential foundation on which to build greater, collective ambition," said Ms Figueres.  
Elements of the Cancun Agreements include: 
Industrialised country targets are officially recognised under the multilateral process and these 
countries are to develop low-carbon development plans and strategies and assess how best to 
meet them, including through market mechanisms, and to report their inventories annually. 
Developing country actions to reduce emissions are officially recognised under the multilateral 
process. A registry is to be set up to record and match developing country mitigation actions to 
finance and technology support from by industrialised countries. Developing countries are to 
publish progress reports every two years. 
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Parties meeting under the  Kyoto Protocol agree to continue negotiations with the aim of 
completing their work and ensuring there is no gap between the first and second commitment 
periods of the treaty. 
The Kyoto Protocol's Clean Development Mechanisms has been strengthened to drive more 
major investments and technology into environmentally sound and sustainable emission 
reduction projects in the developing world. 
Parties launched a set of initiatives and institutions to protect the vulnerable from climate change 
and to deploy the money and technology that developing countries need to plan and build their 
own sustainable futures. 
A total of US$30 billion in fast start finance from industrialised countries to support climate 
action in the developing world up to 2012 and the intention to raise US$100 billion in long-term 
funds by 2020 is included in the decisions.  
In the field of climate finance, a process to design a Green Climate Fund under the Conference of 
the Parties, with a board with equal representation from developed and developing countries, is 
established. 
A new "Cancun Adaptation Framework" is established to allow better planning and 
implementation of adaptation projects in developing countries through increased financial and 
technical support, including a clear process for continuing work on loss and damage. 
Governments agree to boost action to curb emissions from deforestation and forest degradation 
in developing countries with technological and financial support. 
Parties have established a technology mechanism with a Technology Executive Committee and 
Climate Technology Centre and Network to increase technology cooperation to support action on 
adaptation and mitigation. 
The next Conference of the Parties is scheduled to take place in South Africa, from 28 November 
to 9 December 2011. 
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